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NOTICE

The U.S. Environmental Protection Agency through 1ts Office of Research and Development and
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Agency's review and has been approved for publication as an EPA document. No official endorsement
should be mferred. Mention of trade names or commercial products does not constitute endorsement or
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FOREWORD

The U.S. Environmental Protection Agency is charged by Congress with protecting the Nation’s land, air,
and water resources. Under a mandate of national environmental laws, the Agency strives to formulate
and implement actions leading to a compatible balance between human activities and the ability of natural
systems 10 support and nurture life. To meet this mandate, EPA’s research program is providing data

and technical support for solving environmental problems today and building a science knowledge base
necessary to manage our ecological resources wisely, understand how pollutants affect our health, and
prevent or reduce environmental risks in the future.

The National Risk Management Research Laboratory (NRMRL) 18 the Agency’s center for investigation
of technological and management approaches for preventing and reducing risks from pollution that
threatens human health and the environment. The focus of the Laboratory’s research program 1s on
methods and their cost-effectiveness for prevention and control of pollution to air, land, water, and
subsurface resources; protection of water quality in public water systems; remediation of contaminated
sites, sediments and ground water; prevention and control of indoor air pollution; and rostoration of
ecosystems. NRMRL collaborates with both public and private sector pariners to foster technologies that
reduce the cost of compliance and to anticipate emerging problems. NRMRL's research provides solutions
to environmental problems by: developing and promoting technologies that protect and improve the
environment; advancing scientific and engingering mformation to support regulatory and policy decisions;
and providing the technical support and information transfer to ensure implementation of environmenial
regulations and strategies at the national, state, and community levels.

This document describes a systematic approach for performing capture zone analysis associated with
ground-water pump and treat (P&T) systems. The miended audience 1s technical professionals that
actually perform capture zone analyses (i.e., hvdrogeologists, engingers) as well as project managers who
review those analyses and/or make decisions based on those analyses.

Stephen G. Schmelling, Director { 4
Ground Water and Ecosystems Resforation Division
National Risk Management Research Laboratory
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A. INTRODUCTION

This document describes a systematic approach for performing capture zonc analysis associated with
ground-water pump and treat (P&T) systems. A “Capture Zong” refers to the three-dimensional region
that contributes the ground water exiracted by one or more wells or drains (see Figure 1}. A capture zone
in this context 1s equivalent to the “zone of hydraulic containment”.

Blustration of Horizontal Capture Zone (Shaded) - Map View

T ™

= v ) Extraction Well

Tustration of Vertical Capture Zone (Shaded) - Cross-Section View

Partially Penetrating ground surface
Fxtraction Well . .

£

Vertical capture does nat encompass the entive aguifer thickness for this partially penetrating well. The tap
figure does not convey this, whick demonsirates the need to perform a three-dimensional analysis. If vertical
anisotropy is present (Kx > Kz), then the greater the vertical anisotropy, the shallower the vertical caopture
zone will be.

Figure 1. Hlustration of horizontal and vertical capture zones.
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If a contaminant plume is hydraulically
contained, contaminanis moving

with the ground water will not spread
beyond the capture zone. Failed
capture, illustrated schematically on
Figure 2, can allow the plume to grow,
which may cause harm to receptors

Hustration of Failed Capture (Map View)

Regional Flow
Target Capture Zone

and may increase the ulimate cost or
duration of the ground-water remedy. Extraction __ : :
Well S~ : Zone

The purpose of this document is to
present a systematic approach to
evaluating capture zones at P&T
sites. The intended audience is
technical professionals that actually
perform capture zone analyses (i.e.,
hydrogeologists, engineers) as well as
project managers who review those
analyses and/or make decisions based
on those analyses. The scope of this
document is limited to evaluating
capture in porous media and not necessarily karst or fractured rock settings. The methods and techniques
presented here may be used for such settings, but other more intensive techniques may also be required.

Receptor

Escaped plume due to the gap between the capture zones

Figure 2. lHustration of failed capture.

EPA places considerable emphasis on P&T performance and determination of whether or not these
systems are operating properly and successfully. As discussed in Elements for Effective Management of
Operating Pump and Treat Systems (U.S. EPA, 2002b), protection of human health and the environment
often requires hydraulic containment of contaminants. Capture zone analysis is the process of evaluating
field observations of hydraulic heads and ground-water chemistry to interprot the actual capture zone,
and then comparing the mterpreted capture zone to a “Target Capture Zone” to determine if capture is
sufficient.

An optimization study (U.S. EPA, 2002a) of 20 “Fund-lead” P&T systems at Superfund sites concluded
that capture zones were not being adequately evaluated. At least 14 of the 20 sites did not have a clearly
defined Target Capture Zone. About half of the 20 sites had not attempted to interpret actual capture
based on water levels. Only eight of the 20 sites had a ground-water low simulation model, and capture
zone analysis was found to be inadequate or incomplete at six of those eight. Overall, a recommendation
0 improve the capture zone analysis was made for 16 of the 20 sites. The report also concluded there
was a need for improved guidance and training with respect to capture zone analysis. This document is
mtended to partially address those needs.

This document is intended to be used as a companion document to Methods for Monitoring Pump-and-
Treat Performance (U.S. EPA, 1994, link provided in “References” section) when evaluating capture
zones. This document is intended to provide more detail regarding capture zone analysis, and includes
more complex examples, relative to the previous document. This document is not intended to be a
comprehensive reference for each topic presented herein nor is ita “how to” guide. However, a table
provided at the beginning of the “References” section helps guide the reader to sources of information
(cited within this document) according to specific topics.
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The approach presented here showld be considered iterative since few sites, if any, begin the process with
sufficient field data to evaluate and confinm hydraulic containment. Monitoring wells and piezometers
are usually installed at sites to develop the site conceptual model and determine the nature and extent

of contamination. These samipling locations are typically installed prior to initiating a P&T remedy,

and may not be appropriate for evaluating plume capture. The systematic approach advocated here s
iterative in that it 1s advised that the practitioner obtain additional field mformation to address data gaps
and ambiguities if present. The completeness of the data set, including the locations and construction

of monitoring points for water levels and water quality, should be evaluated during remedial design and
throughout the performance monitoring period. Additional monitoring points should be installed to
address any data gaps that are identified.

This document primarily pertains to operating P&T systems. However, the concepts presented in this
document shouid also be considered during system design. In particular, an appropriate methodology for
evaluating plume capture, inclading requisite monitoning locations, should be developed as part of the
system design. Also, the implemented P&T system may differ substantially from the system that was
originally designed, and the following issues should be assessed:

»  did the design account for system down time (1.¢., when wells are not pumping)?

»  did the design consider time-varying influences such as seasons, tides, nrigation, or transient
off-site pumping?

»  id the design account for dechning well yields due 1o fouling, or provide for proper well
maintenance?

»  ¢hid the design address geologic heterogeneities?

o did the design take into account other hydraulic boundary conditions such as a surface water
boundary or a hard rock boundary?

Such issues may impact the effectiveness of capture relative to the designed system, highlighting the need

0 conduct capture zone evaluations for the operating P&T system.

Capture zone analysis should be included in plans for remedial action, Operations and Maintenance
(O&M), and/or long-term monitoning. Appropuate clements for inclusion in a performance monitoring
plan for capture zone evaluations are outlined n Section 2.5 of U5, EPA (1994). The monitoring plan
should be evaluated and revised as appropriate as new data are collected and the site conceptual model is
improved based on interpretation of new data.

The appropriate frequency for capture zone evaluations is site-specific. Factors that should be considered
melude changes in remedy pumping rates over time (and the associated time for the ground-water levels
to stabilize), the temporal nature of siresses {on-site and off-site), and the travel-time of contaminants to
potential receptors. Some examples of temporal stresses include off-site pumping wells (water supply

or wrigation), tidal influences, seasonal changes in surface water levels, and seasonal changes in net
recharge from precipitation or wrigation. Additional discussion of factors and sirategies to consider when
specifying monitoring frequency for water levels and water guality is provided in Sections 2.2.1.4 and
2.2.6.3 of U.S. EPA (1994}, respectively. Capture should be evaluated throughout the first year of system
operation, and on a routine basis thereafier as part of O&M. One or more capture zone evaluations per
year is appropriate at many sites due to changing conditions.
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This document highlights six key steps for systematically performing a capture zone evaluation {Extubit 1).
Specific techniques to mterpret the extent of capture achieved by the ground-water extraction are applied
m Steps 3 to 5. Each of these techniques is subject to limitations, and in most cases, no single ling of
evidence will conclusively differentiate between successful and failed capture. Therefore, developing
“converging lines of evidence”, by applying multiple techniques to evaluate capture, mereases confidence
in the conclusions of the capture zone analysis. In some cases, modifications and additions to the
monitoring program may be required to provide sufficient data to conclusively differentiate between
successful and failed capture.

Exhibit 1

Six Steps for Systematic Evaluation of Capture Zones

Step 10 Review site data, site conceptual model, and remedy objectives
Ktep 2:  Define site-specific Target Capture Zone(s)

Step 30 Interpret water Ievels
« potentiometric surface maps (horizontal) and water level difference maps (vertical)
« water level pairs (gradient control points)

Step 4: Perform calculations
« gstimated flow rate calculation
= capture zone width calculation (can include drawdown calculation)
« modeling (analytical or numerical) 1o simulate water levels, in conjunction with particle tracking and/
or fransport modeling

Step 50 Evaluate concentration trends

Step 6 Interpref actual capture based on Steps 1-5, compare to Target Capture Zone(s), assess
uncertainties and data paps

These six steps for systematically evaluating capture, and the use of converging lines of evidence, are
ttustrated in this document with five examples that vary in complexity. Appendix A contains three
illustrative examples, based on hypothetical sites which were developed for this document. These
hypothetical examples highlight some of the details associated with techniques for evaluating capture.
Appendix B presents example captare zone evaluations for two actual sites and demonstrates the
systematic application of the six steps. These examples are representative of many (but not all) sites. As
mentioned, this document does not apply to fractured or karst systems.
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B. ASYSTEMATIC APPROACH FOR CAPTURE ZONE ANALYSIS

Step 1: Review Site Data, Site Conceptual Model, and Remedy Objectives

The ttems histed in Exhibit 2 should be considered prerequisites for performing a capiure zone analysis.
If the plume is not adeqguately delincated (width and/or extent), 1t may not be possible to cstablish a
meaningful Target Capture Zone (Step 2). Hydrogeologic data typically used as the basis for a capture
zone evaluation include information on stratigraphy, hydraulic conductivity (values and distribution},
hydraulic gradients (magnitude and direction), pumping/injection rates and locations, ground-water
elevations, and ground-water quality. Well construction information is important for interpreting some
of these data. In many cases, it is appropriate to review regional hydrogeologic data in addition to site-
specific data. If hydrogeologic information such as hydraulic conductivity distribution and hydraulic
gradient {(magnitude and direction) are highly uncertain, then some of the techniques for evaluating
capture may be subject to an unacceptable degree of unceriainty, and additional characterization may be
appropriate.

Exhibit 2

Elements Associated with Step 1
{Prerequisites for a Capture Zone Evaluation)

« Is the plume adequately delineated i three dimensions?

» Is there adequate hydrogeologic information for performing capture zone evaluations?
» hydranlic conductivity valucs and distribution
» hydraulic gradient (magnitude and direction)

aquifer thickness and/or saturated thickness

» puinping rates and ocations

» ground-water elevation measurements

» water quality data and associated details

well construction details

v

v

= Is there a site conceptual model (not a numerical model) that adequately
» indicates the source(s) of contaminants
» describes geologic and hydrogeologic conditions
» explains observed fate and transport of constituents

identifies potential receptors

v

« Is the objective of the remedy clearly stated?
» complete hydraulic containment of the plume, or
» partial hydraulic containment in conjunction with other remedies, such as Monitored Nataral Attenuation
(MNA), for portions of the plume cutside the Target Capture Zong

In order to develop remedy objectives and associated performance criteria for a P&T system, and
realistic means of evaluating capture zone performance with respect to these ¢riteria, the Data Quality
Objectives (DQO) process (U.S. EPA, 2000) should be followed. The DQO process is a systematic
planning approach for data collection that 1s based on the scientific method. The DQO process mvolves
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identification of data gaps that may cause an erroneous decision to be made, and assessmient of the cost-
benefit ratio of filling those gaps o reduce uncertainty. By using the DQO process, one can clearly define
what data and mformation about the remedy performance are needed and develop a data collection design
1o help obtain the right type, quantity, and quality of data needed to make a sound decision about whether
or not the remedy 15 effective.

A site conceptual model (a text description, maps, and cross-sections that should not be confused with a
“numerical model”, although a numerical model is based on a site conceptual model} should adequately
accomphish the following:

» describe geologic and hydrogeologic conditions
»  explain observed fate and transport of constituents
« identify potential receptors

The objectives of the remedy regarding capture should then be established (Figure 3) so that an
appropriate Target Capture Zone can be specificd (Step 2). Specifically, it should be determined if there

is a need for complete hydraulic containment (the definition of “capture” in this document}, or if it 1s
acceptable to have an uncaptured portion of the plume that is below cleanup levels or is addressed by
another remedial technology. The type of remedy objective will dictate the specifics of the Target Capture
Zone.

Step 2: Define Site-Specific “Target Capture Zone”

The Target Capture Zone is defined herein as the three-dimensional zone of ground water that must

be captured by the remedy extraction wells for the hydraulic containment portion of the remedy to be
considered successful. This will depend on the site-specific remedy objectives (Step 1). The Target
Capture Zone should be clearly stated in site remedial action and monitoring plans, and illustrated on
maps and/or cross-sections when feasible. An example is schematically presented on Figure 4, with the
Target Capture Zone illustrated both horizontally and vertically.

The Target Capture Zone should be defined in terms of specific critena, such as a specific concentration
contour or a geographical boundary along which an inward hydraulic gradient is to be established. If the
Target Capture Zone 1s based on a specific concentration contour, it may need to be updated over time
as concentrations change. If a variety of contaminants of concern are present, the Target Capture Zone
should consider each contaminant.
Step 3: Interpret Water Levels
Ground-water clevation measurements are used to:

» evaluate low directions based on water level maps (horizontal or vertical)

« evaluate flow directions based on water levels at paired locations (gradient control pairs)

Both types of evaluation listed above can provide evidence regarding the extent of capture.
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Bemedy Obiectives May or May Not Require Complete Hydraulic Capture

Bite 1 (Cross Section View)

Case 1: Complete Horizontal and Vertical Capture Case 2: Complete Horizontal Capture Only
Reseptor Extrection Recepior Extraction
— Wkt Regional Wl Regionat
i Flow H Flow

Herizontal capiure sequires

Horizontsl captuse requises

Semi-confining wait 7

Vertical capturs requires
saass) am wpward gradient e
A Soreened = Sereened
Interval feeed Interval !
st e Concendrations in uncaphred
bt iaaad pertion of plume are below
. L . cleasp lovels andor addrossed.
Cross-Section View Cross-Section View by ofher eehnolagies

Case 1. Remedy objective is complete hovizontal and vertical capture,

Case 2: Remedy objective iz complete horizontal capture only, in conjunction with other remedial technologies for

the deeper aguifer
Site 2 (Map View)
Case 1: Capture for Entive Plame HExtent Case 2: Captare for Portion of the Plume
Map View Map View

Regional Flo Regional Flo

Uneaptured portion below cleanup
levels and/or addressed by other technologies
i

\

@

Receptor

@&
Recepior
Extraction s Extraction
Well Weil ”

Capture Zone Capture Zons

Case 1: Remedy objective is horizontal containment of the entive plume

Case 2: Remedy objective is horizontal containment of the most contaminated portion of the plume, in
conjunction with other remedial technologies for the uncaptured portion

Notes:
. Site 1 and Site 2 are distinet hypothetical sites and do not illustrate the same plume
® Performance monitoring wells are not depicted on these schematics to maintain figure clarity

Figure 3. Remedy objectives may or may not require compleie hydraalic capture,
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Hiustration of a Target Capture Zone (Map View)

Regional Flow

D

Receptor

Hiustration of a Target Capture Zone {Cross Section View)

] . . Exiraction
Receptor Cross-Section View oy

Flow

Target Capture Zone

= Senu-Confining Umit

/

implies that an upward hydraulic gradient is required for this site

Screened Interval

Figure 4. [ustration of a Target Capture Zone (map and cross-section views).

For most sites it 1s appropriate to analyze ground-water flow patterns in three dimensions (i.c., both
horizontal and vertical). The potential for vertical transport of contaminants to underlying or overlying
aquifers should be considered. Three-dimensionality of ground-water flow patterns in the vicinity of
pumping wells should also be considered. For instance, in the presence of partially penetrating wells

(see Figure 1), a flow divide will generally develop with respect to vertical low, such that water at some
depth below the well screen does not low to the extraction well. The depth of this flow divide for a
partially penetrating well depends on the vertical anisotropy. The greater the ratio of horizontal to vertical
hydraulic conductivity, the shallower the vertical capture zone will be.

When water levels are collected, 1t is good practice to provide the field technician with historical depth
to water data at each location, so that reasonableness of measurements can be evaluated in the field.
When anomalous data are observed, a plan to resolve discrepancies with historical data can be developed
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while the technician is still in the field. It is also good practice to periodically survey measuring point
clevations. For mstance, changes in measuring point elevations can occur over time due to frost heaving.
In other cases, wells mstalled by different contractors at different times may be surveyed inconsistently.

Water Level Maps

Horizontal water level maps indicate interpreted contours of water levels within an individual
hydrostratigraphic unit. Vertical water lovel difference maps indicate vertical head differences or
gradients between hydrostratigraphic units. The extent of horizontal or vertical capture can subsequently
be interpreted on the basis of those maps (illustrated schematically i Figure 5):

»  Horizontal Capture Analysis. Flow lines are interpreted as perpendicular lines to water
level contours (strictly valid only for 1sotropic systems). Horizontal capture is defined by
a boundimg flow line, within which all other flow lines reach an extraction location. The
delmeation of the capture zone i this manner s a derived interpretation, since water level
contours must first be interpreted from water level values,

»  Jertical Capture Analysis. Water levels between adjacent hydrogeologic units are evaluated
1o indicate zones of upward versus downward flow. The analysis can be based on vertical
head differences or vertical gradients (the head difference divided by the vertical distance
between measurements).

Note that “water level” and “head” are used interchangeably in this document. Contour maps interpreted
from water levels should generally include the following (some of which are not included on the
schematic illustrations within Figure 5):

» the actual data values being contoured superimposed with the interpreted contour lines
(whenever feasible)

« labels for the contour lines

» an indication of any water level measurements made at extraction wells, and whether or not
they were corrected for well inefficiency and losses

« locations of pumping and imjection wells, ideally with rates indicated for the time period just
prior to the water level measurements

»  ¢nough basemap features 1o orient the reader, including the Target Capture Zone so the
success of capture can be evaluated, plus a north arrow and a scale

« dashed (or otherwise idenufied) contour lines where data are sparse and contour lines are inferred

Interpreting horizontal capture from water level maps is subject to significant uncertainty. The issues
listed 1 Exhibit 3 should all be considered when interpreting horizontal capture from water level maps.
Many of these items also pertamn to evaluation of vertical capture based on vertical head differences

or vertical hvdraulic gradients between hydrostratigraphic units. In light of these uncertamties EFA
recommends using additional lines of evidence regarding capture to augment the evaluation of flow
directions mterpreted from water level maps.
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Interpreting Capture From Water Level Maps

Potentiometric Surface Map: Horizontal Water Level Difference Map: Vertical

v | 7 i
N / Municipal NN | ' ~ Municipal
) Well 2 Vo L Well
A M . @ N o
: N A LN, O N B o
N . .e: - . . P -
. - Py
0 ooy
SRR, P SN
Interpreted \
., Capture |
i ¥ ¥ Zone N /
River H & River g
§ ’?/
; £
¢ H
: 3
§ §
3 H
: * . Area With
H ¢ & Upward Flow

Plume Plune

~~~-Downward Flow

Head difference>> 0 -
——-Upward Flow ».6/ ~
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weeva () Contour g p B
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@ Extraction Well » N o

€ Extraction Well 615’1,///

A Monitoring Welly,i(lustexs //" l

-
A Monitoring Well

Vertical Capture: Can be evaluated by interpreting areas of

Horizontal Capture: Can be interpreted from water level

contours by approximating the location of a “bounding upward versus downward flow. In this example head

flowline”, within which all other flowlines reach a differences at well clusters were contoured, and the entire

pumping well. In this example the entire plume is within footprint of the plume is within the area where upward flow

the nterpreted horizontal capture zone, for the specific is interpreted. Note the number of well clusters is quite
limited.

hydrostratigraphic horizon evaluated.
In this example the Target Capture Zone corresponds to the plume boundary
Cross-Section Schematic for Hlustrating Upward and Downward Head Differences

Area With Upward Flow Area With Downward Flow

Area With Downward Flow
ey ;
o 5,

Municipal Well River

UPPER
AQUIFER

Potentiometric Surface of

Lower Aquifer

Upper Aquifer

f Extraction Well
i \
=
=
5 Potentiometric Surface of LOWER
= AQUIFER
=

Figure 5, Inferpreting capture from water level maps.
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Exhibit 3

Issues When Evaluating Horizontal Capture from Water Level Contour Maps (Step 3)
« Are the number and distribution of measurement locations adequate?
Contouring accuracy will generally increase as the number of data points increases.

» Arc water levels included in vicinity of extraction wells (and have well inefficiency and losses been
considered at extraction well focations)?

Ideally, water level duta representative of the aquifer are obtained from piezometers located near extraction
wells. Water levels measured at an extraction well will be lower than in the surrounding aquifer material
due to well inefficiency and losses, which can lead to incorrect interpretations of capture.

= Has the horizontal capture cvaluation been performed individually for all pertinent horizontal units?
Care should be taken lo avoid combining water level observations from multiple hydrostratigraphic units
to generate an overall water level map. Only observations collected from a specific unit should be used to
penervate a water level map for evaluating hovizontal capture in that unit.

« Is there bias based on contouring algorithm?
Multiple interpretations of water level contours and associated flow divections are possible for one data
set by using a different contouring algorithm (or by having a different hydrogeologist contour the data
manually). The potential for alternate interpretations of water level contours should be considered when
evaluating capture based on the contours.

« Is representation of transient influences adequate?
4 water level map for one point in time may not be representative of water levels and flow divections at
other points in time, which may be impdacted by seasons, tides, or other pumping wells with time-varying
pumping rates.

« Has potential for vertical transport been neglected when evaluating horizontal capture?

Successful horizontal capture in one stratigraphic unit does not preclude impacted water from being
transported vertically to other stratigraphic units.

“Drawdown’ Versus “Capture”

Drawdown is the change of water level due to ground-water extraction. It 1s calculated by subtracting the
water level measured under pumping conditions from the water level measured without pumping. The
“cone of depression” (i.¢., the zone where drawdown 1s observed) caused by extraction from one or more
locations should not be confused with the capture zone associated with that extraction. As illustrated

on Figure 6, there are generally locations outside the capture zone where drawdown due to pumping is
observed. The difference between the “cone of depression” and the “capture zone” 1s due to the impact of
regional hydraulic gradients. The only case where the capture zone 1s the same as the entire arca where
drawdown is observed is when the background hydraulic gradient is perfectly flat.

ED_005025_00014056-00020



Drawdown and Capture are Not the Same

Drawdown Contours

Outline of the Cone of Depression
(zero drawdown contour)

«
%,

966

ssREEEENEy
su® s
ﬁ“ ...

Water Level
Contours

Cross-Section View: Difference Between Drawdown and Capture

Pumping
Well Static Water Table

Thus ares has observad dravedown,
bl s outside the caphos zons

i

Bed

Drawdown

\

Resulting Water Table
Due to Pumping

Downgradient Extent ]
of Capture Zone

Drawdown is the change of water level due to pumping. It is calculated by subtracting water level under pumping

conditions from the water level without pumping.

Cone of Depression is the region where drawdown due to pumping is observed.

Capture Zone is the region that contributes the ground water extracted by the extraction well(s). It is a function of
the drawdown due to pumping and the background (i.e., without remedy pumping) hydraulic gradient. The
capture zone will only coincide with the cone of depression it there is zero background hydraulic gradient.

Figure 6. Drawdown and capture are not the same.
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Hand-Contouring versus Computer-Based Confouring

There are many different approaches to contouring measured water levels. The mterpolation or mapping
approach is probably most common. Some prefer contouring by hand, while others prefer using
computer-based contouring algorithms (¢.g., SURFER by Golden Software). In either case, vastly
different (vet reasonable) interpretations of flow direction and capture may be inferred from the same
water level data, based on the interpolations (between data points) and extrapolations (beyond data points)
assoctated with the evaluation. Whether contouring 1s performed by hand or 1s computer-based, the
results should be evaluated for hydrogeologic reasonableness.

An advaniage of contouring by hand 1s that professional judgment and hydrogeologic nsight (e.z.,

plume shape, orientation of hydrogeologic features) can be more easily mcorporated into the contours.
However, hand-contouring can be time consuming, and is not very reproducible. One approach is to have
several different individuals contonr the measu